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CORRELATION OF MAP UNITS
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DESCRIPTION OF MAP UNITS

SURFICIAL DEPOSITS

.Unconsolidated sediments (Holocene and Pleistocene)—Alluvial silt, sand, and gravel along rivers
and streams; includes sand and gravel of low-lying river terraces, sand of coastal
dunes, beaches, and bars, and lacustrine clay, silt, and sand

Landslide debris (Holocene and Pleistocene)—Mapped only where readily discernible; consists of
poorly sorted debris flows; outcrops of melange along Pacific coast south of Point of
the Arches are highly susceptible to landsliding; half arrows show direction of move-
ment

Glacial drift (Pleistocene)—Till and outwash deposits from continental and alpine glaciers; locally
includes lacustrine deposits and glacial deposits modified by stream terracing; glacial
drift not mapped where less than about 2 m thick; contacts between glacial drift and
bedrock in most places. are inferred

BEDROCK UNITS
MARGINAL BASIN NORTHEAST OF CRESCENT FAULT!

Hoko River Formation (upper Eocene)—Siltstone and sandy siltstone with pebble-cobble
conglomerate lenses; iron-stained concretionary siltstone and sandy siltstone with
minor thin-bedded quartzofeldspathic very fine- to medium-grained sandstone beds;
pebbly mudstone, mudflow breccia, sandstone dikes, and thin tuff beds occur locally;
foraminifers are referred to the upper Narizian Stage by Rau (in Snavely and others,
1980)

Thick- to thin-bedded carbonaceous, calcite-cemented, phyllitic and basaltic
sandstone—In broad channels or lenses with minor thin-bedded siltstone
interbeds '

Cobble and boulder channel deposits—Most common in lower part of section on Cape
Flattery; deposits consist of clasts of basalt, phyllite, meta-igneous rocks, and
pebble conglomerate; clasts range from angular to rounded and up to 4.5 m in
diameter

Lyre Formation (upper Eocene)—Conglomerate and sandstone; lenticular or channel deposits of
pebble to boulder conglomerate and pebbly sandstone interbedded with or overlain by
thick-bedded lithic, phyllitic, quartzose sandstone and minor thin-bedded sandstone
and siltstone; large siltstone rip-ups and pebbly mudstone are common near contact
with the underlying Aldwell Formation; foraminifers are assigned to upper Narizian
Stage by Rau (in Snavely, 1983)

Breccia and conglomerate of Cape Flattery—Massive to poorly bedded sedimentary
breccia composed of angular to subangular clasts of arkosic to lithic sandstone,
metaquartz diorite, felsic volcanic rocks, chert, meta-tuff, and argillite up to 2 m
long; includes graded thick-bedded lithic quartzose sandstone, which is com-
monly cross-bedded and channeled, and minor siltstone interbeds; provenance of
clasts is from near Leech River and San Juan fault zones on Vancouver Island,
B.C. (MacLeod and others, 1977; Ansfield, 1972)

Aldwell Formation (upper and middle Eocene)—Thin, well-bedded phyllitic, quartzolithic, and
basaltic sandstone and siltstone; individual sandstone beds pinch and swell producing a
wavy appearance, sandstone contains ripple micro cross-laminations; upper part of
sequence consists of massive to poorly bedded siltstone with 1 to 1.5-m-thick sand-
stone channels; foraminifers are assigned to upper and lower Narizian by Rau (1964,
1981; and in Snavely, 1983)

Siltstone of Brownes Creck (middle Eocene)—Massive to poorly-bedded concretionary siltstone
and mudstone with few thin sandstone beds; commonly sheared and foraminifer-rich;
foraminifers are assigned to lower Narizian and upper Ulatisian by Rau (in Snavely,
1983)

Crescent Formation (middle and lower Eocene)—Basalt pillow lava and breccia; dense to very
amygdaloidal; locally contains clinopyroxene and calcic plagioclase microphenocrysts;
former basaltic glass in mesostasis is altered to clay minerals and zeolites; cut by
veins of zeolite minerals, calcite, opal, pumpellyite and less commonly epidote; lower
part of sequence contains 1 to 5-m-thick beds of coccolith- and foraminifer-bearing
pelagic red and white limestone and calcareous red and brown siltstone; upper part of
sequence contains several thick interbeds of foraminifer-rich siltstone, basaltic sand-
stone, basalt-breccia or conglomerate and a few 1 to 2-m-thick interbeds of lithic,
arkosic sandstone and 0.25 to 2-m-thick siliceous tuff beds; foraminiferal assemblages
are referred to the Ulatisian and Penutian Stages by Rau (1981; Snavely and others,
1986b); nannofossils are assigned to the early Eocene Discoaster lodoensis Zone (CP-
11) by David Bukry (written commun., 1973)

TERRANE SOUTH OF CRESCENT FAULT AND
NORTH OF CALAWAH FAULT?

Sandstone of Bahobohosh (upper Eocene)—Thin- to thick-bedded, graded, lithic, arkosic sandstone
and lithic-quartzose sandstone with interbedded lenses of pebble and cobble
conglomerate and mudflow breccia; sandstone is laminated to cross-stratified; penecon-
temporaneously deformed zones are associated with some conglomerate channels;
conglomerate clasts commonly are graywacke but also include reworked calcareous
concretions, diabase, basalt, felsic volcanic rocks, micaceous arkosic sandstone, chert,
phyllite, and fragments of wood and mollusks; sparse foraminifers are assigned to the
Narizian Stage by W.W. Rau (written commun., 1978)
Siltstone of Waatch Point (upper Eocene)—Laminated and micro cross-stratified very thin- to
thin-bedded siltstone and sandstone that exhibit a variety of sedimentary structures
such as small-scale slump folds and flame and load casts; siltstone is locally biotur-
bated; includes mudflow lens as much as 3 m thick of altered blocks of pillow lava
and basalt-breccia, argillite, and less commonly sedimentary clasts; calcareous nodules
and concretionary lenses are common; large-scale penecontemporaneous slump folds
locally are isoclinal; sparse foraminifers are assigned to the Narizian Stage by W.W.
Rau (written commun., 1977)
Siltstone and sandstone of Waatch Quarry (middle Eocene)—Thin-bedded siltstone with irregular
interbeds of fine-grained to gritty sandstone; locally penecontemporaneously deformed;
mudflow conglomerate and breccia and pebbly mudstone occur near the unconform-
able contact with volcanic rocks of the Hobuck Lake unit (Thl); conglomerate contains
cobbles and pebbles of well-indurated quartzose sandstone and basalt clasts derived
from the Hobuck Lake unit (Thl) with lesser amounts of chert, gabbro, and quartz;
channel deposits of coarse- to medium-grained lithic and quartzofeldspathic sandstone
as much as 7 m thick and lenses of well-sorted fine-grained basaltic sandstone as thick
as 3 m occur in places near base of the sequence; foraminifers are assigned to the
lower part of the Narizian Stage by W.W. Rau (written commun., 1977); unit probably
represents a facies of the Aldwell Formation (Ta) exposed north of the Crescent fault
Sedimentary and basaltic rocks of Hobuck Lake (upper middle Eocene)—Thin-bedded siltstone
with interbedded basaltic tuff-breccia and quartzose sandstone; overlain by mudflow
deposits, pillow lava and breccia
Pillow lava and breccia with minor basaltic siltstone and sandstone and red argillite
interbeds—Includes sill of gabbro; basalt is most commonly altered to iron-rich
chloritic minerals, epidote, hematite and other minerals; also veined with calcite
and zeolite minerals

Volcanic rocks—Tuff-breccia, iron-oxide-stained with minor interbedded basaltic sand-
stone and siltstone; isolated blocks and flows of hematite-stained pillow basalt
and breccia and minor diabase sills; unit includes very thin to 150-m-thick pillow
basalt flow (pb) and mudflows that contain clasts of homblende-phyric basalt,
siltstone, and red limy argillite together with blocks of arkosic sandstone;
includes massive basaltic breccia unit more than 100 m thick in quarry on north
side of Waatch Creek; foraminifers from 10-m-thick siltstone interbed in breccia
are assigned to the upper part of the Ulatisian Stage by W.W. Rau (written com-
mun., 1976) and coccoliths from these beds are assigned by David Bukry (written
commun., 1979) to his Reticulofenestra umbilica Zone (CP-14) of late middle
Eocene age

SOOES TERRANE
Portage Head—Point of the Arches Coastal Block

Sandstone and siltstone (upper Eocene)—Thick- to thin-bedded, light-gray lithic quartzose turbidite
sandstone with minor siltstone interbeds; basal part is thin-bedded sandstone and silt-
stone; sandstone is fine- to medium-grained, commonly laminated and locally biotur-
bated, cemented with calcite, and contains less than 20 percent of dark grains of phyl-
lite, argillite, and basalt; unit well exposed at Shi Shi Beach, siltstone interbeds con-
tain foraminifers assigned to the Refugian and upper Narizian by W. W. Rau (written
commun., 1974)

Conglomerate and sandstone (upper Eocene)—Poorly sorted and bedded subangular to rounded
pebble to boulder conglomerate and interbedded gritty to coarse-grained lithic pebbly
sandstone; south of Portage Head conglomerate consists of angular to rounded clasts
of limestone as much as 2 m long, phyllite, diorite, and metavolcanic rocks and grades
upward into thin-bedded sandstone and siltstone; unit correlates with unit Tlfb of the
Lyre Formation in the terrane northeast of the Crescent thrust fault; on the north and
south sides of Point of the Arches, conglomerate consists chiefly of clasts derived
from, and deposited marginally to, the pre-Tertiary rocks of the allochthonous block
that makes up the point; conglomerate is poorly sorted and bedded, with angular to
subrounded clasts up to 0.5 m in diameter and locally composed of diorite, gabbro,
and silicified quartzose sandstone; less common clasts include argillite, dacite, basalt,
lithic coarse-grained sandstone, red chert, and quartz; south of Portage Head, unit con-
tains 20-m-thick interbed of foraminifer-bearing concretionary siltstone assigned to the
upper Narizian by W.W. Rau (written commun., 1978)

Sandstone and siltstone (middle Eocene)—Thick- to medium-bedded, medium-grained, quartzose,
concretionary, and carbonaceous lithic sandstone with thin siltstone interbeds; turbidite
sandstone beds are graded, locally are pebbly, and contain groove casts and layers of
siltstone rip-ups; on north side of Portage Head, unit contains a few interbeds of basal-
tic lapilli-tuff and chert-bearing volcanic pebble conglomerate; pebbly sandstone is
composed predominantly of angular monocrystalline quartz, micro-veined and
radiolarian chert, altered volcanic rock fragments, plagioclase, siltstone clasts and
minor amounts of epidote, pyroxene and micas; sandstone is cemented with green clay
or calcite. Siltstone interbeds contain foraminifers assigned to the Ulatisian by W.W.
Rau (written commun., 1974) )

Conglomerate and breccia (lower? Eocene)—Pebble and cobble conglomerate and mudflow breccia
composed chiefly of angular to subangular clasts of silicified fine-grained slightly
micaceous, feldspathic, quartzose sandstone and siltstone and minor amounts of meta-
basalt and diorite; conglomerate commonly brecciated and recemented by calcite and
silica; unit maybe as old as Cretaceous as no fossils were found

Pillow basalt (lower Eocene)—Close-packed pillow basalt, isolated pillow breccia, and mudfiow
breccia with minor interbeds of basaltic saridstone and siltstone, and red calcareous
argillite; pillow lavas are commonly amygdaloidal, and are porphynuc with pheno-
crysts of augite and plagioclase set in a fine-grained groundmass with lmersen.al tex-
ture; a 2-m-thick light-gray tuff bed occurs in mudflow breccia on the south side of
Point of the Arches; several sills of gabbro or diabase, as much as 30 m thick, cut the
volcanic sequence at Portage Head; unit is pervasively sheared, and laced with veins
of laumontite, calcite, epidote, quartz, and prehnite; basalt correlates with the Crescent
Formation (Tcr) north of the Crescent fault; coccoliths from calcareous argillite beds
in the pillow lavas are assigned an early Eocene age by David Bukry (written com-
mun., 1981)

Intrusive rocks—Gabbro or diabase sills as thick as 30 m; differentiated only on south
side of Portage Head

Intrusive dacite (Paleocene)—Light-gray, fine-grained, and hornblende-bearing dacite sill; intrudes
unit Kpas sedimentary rocks along base of sea cliff in central part of Point of the
Arches; hornblende K/Ar age of 59+ 3 Ma (R.W. Tabor, written commun., 1973)

Melange (Paleocene and (or) Cretaceous)—Intensely sheared siltstone with phacoidal or angular
polished blocks of pre-Tertiary rocks which include silicified feldspathic quartzose
sandstone, metadacite’ and metatuff, basalt, and phyllite

Sedimentary rocks and pillow basalt (Cretaceous)—Medium-gray thick-bedded fine- to medium-.
grained micaceous feldspathic lithic sandstone and light-gray silicified lithofeldspa.lhxc,
quartzose sandstone with interbeds of dark-gray, well-indurated, thin-bedded argillite,
bedded chert, metabasalt-pillow lava and breccia, and mudflow breccia and
conglomerate. Chert interbed contains radiolarians indicative of an Early Cretaceous
age (David Jones, written commun., 1983). Sedimentary rocks in this sequence are
intruded by Paleocene dacite sill (Tpai)

Gabbro and diorite (Jurassic or older)—Massive to gneissic pyroxene and hornblende-bearing
quartz diorite and gabbro; diorite contains irregular masses of hornblende-rich pegma-
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tite (stippled pattern on map), alaskite(?), and quartz veins; quartz diorite and gabbro
are partially altered to uralite, sphene, calcite, chlorite, hydrogarnet, and prehnite; dior-
ite is Jurassic or older in age based on K/Ar hornblende age of 144+ 2.4 Ma (Snavely
and others, 1971)

Petroleum Creek Block

Tpcs Siltstone and sandstone (middle Eocene)—Thin-bedded to laminated siltstone and very fine grained
sandstone with carbonate stringers 1 to 10 cm thick; commonly is sheared and drag
folded

Tpcm Melange—Siltstone melange with phacoidal blocks of basalt, conglomerate, and

calcite-cemented sandstone; the melange is inferred to occur in the lower plate of
a folded thrust below the Portage Head-Point of the Arches and Washburn Hill
blocks; along Shi Shi Beach north of Petroleum Creek, the siltstone melange has
a petroliferous odor due to the seepage of oil (see Snavely and Kvenvolden, 1988
for discussion of the organic geochemistry of these rocks); sparse foraminifers in
the siltstone and melange are assigned a middle Eocene age (Ulatisian and lower
Narizian) by W.W. Rau (written commun., 1985); coccoliths from this unit are
assigned a middle Eocene(?) age by David Bukry (written commun., 1981)

Washburn Hill Block

Twts Turbidite sandstone (upper Eocene)—Light-gray, thick- to medium-bedded quartzose turbidite
sandstone and thin-bedded fine-grained sandstone and siltstone interbeds; sedimentary
features of turbidite beds include casts of borings, parallel laminations and micro
cross-laminations; a single 1-m-thick bed of phyllite-rich sandstone is present in
sequence; unit correlates with sandstone (unit Tpas) exposed along Shi Shi Beach

Twc Sandstone and conglomerate (upper Eocene)—Thick- to medium-bedded gritty to medium-grained
carbonaceous, phyllite-rich sandstone, cobble and pebble conglomerate, and pebbly
mudstone; conglomerate is composed of clasts of metamorphosed felsic volcanic
rocks, diorite, and abundant siltstone clasts; sandstone in places is flaggy and contains
trace fossils along bedding planes; unit probably equivalent to upper Eocene
conglomerate (unit Tpac) in Portage Head-Point of the Arches coastal block

Twss Sandstone (middle Eocene)—Massive to medium-bedded gritty to medium-grained lithic, quartzose
sandstone, and thin- to wispy-bedded fine-grained sandstone and siltstone; siltstone
beds are massive to laminated and locally concretionary and penecontemporaneously
deformed; unit includes a few pebbly mudstone or conglomerate beds; basaltic lapilli-
tuff with quartzose sandstone interbeds occurs locally near outcrop of tuff breccia unit
(Twbb); sandstone-siltstone sequence is probably a lateral facies of lapilli-tuff unit
(Twbb); sparse foraminiferal assemblages are referred to lower part of the Narizian
Stage by W.W. Rau (written commun., 1976)

Twbb Tuff breccia (middle Eocene)—Massive to poorly bedded iron-oxide-stained tuff breccia with
minor interbeds of pebbly concretionary siltstone and basaltic sandstone; unit derived
from lower Eocene basalt (Twb) as debris flows; breccia grades laterally into sedimen-
tary rocks of unit Twss; foraminifers from thin siltstone interbeds are assigned to the
lower Narizian by W.W. Rau (written commun., 1977)

Twsg Sandstone and siltstone (middle Eocene)—Thick- to medium-bedded lithic, quartzose turbidite
sandstone with minor thin-bedded siltstone that contains calcareous bands and a 2-m-
thick altered tuff bed; locally includes a mudflow breccia consisting of subangular to
subrounded clasts of calcareous siltstone concretions, siltstone and fine-grained sand-
stone, and lesser amounts of basalt, sparse chert and diabase pebbles and cobbles and
rare mollusk shells; sandstone is finely micro cross-laminated and contains
cannonball-like calcareous concretions and in places has siltstone rip-ups; burrows
occur along bases of turbidites; carbonaceous or coaly material 2 to 5-mm thick occurs
along bedding planes; sparse foraminifers are assigned to lower Narizian and upper
Ulatisian by W.W. Rau (written commun., 1975)

Tws Siltstone (middle Eocene)—Massive concretionary siltstone, tectonically or penecontemporane-
ously deformed; contains ball-like concretions with trace fossil burrows; sparse foram-
inifers are assigned to the lower Narizian or Ulatisian by W.W. Rau (written com-
mun., 1975)

Twb Basalt (lower Eocene)—Fine- to very fine-grained amygdaloidal, porphyritic pillow basalt and
breccia; cut by numerous veins of calcite with disseminated pyrite and less common
veins of laumontite; basalt contains 3- to 5-m thick interbeds of highly sheared
microfossil-bearing brownish gray and brick-red siltstone; basalt has intergranular tex-
ture with interstices between plagioclase laths filled with granules of augite, hyper-
sthene, and iron oxides; abundant planktonic foraminiferal assemblage assigned to the
Ulatisian and Penutian(?) Stages by W.W. Rau (written commun., 1981); David Bukry
(written commun., 1981) assigned the coccolith assemblage to his early Eocene
(DDiscoaster lodoensis Zone. These basalts are probably equivalent to Crescent For-
mation (Tcr) northeast of the Crescent fault and to unit Tpab in the Portage Head-
Point of the Arches coastal block

Two Diabase and basalt (lower? Eocene)—Olistostromal block of diabase and pillow basalt along thrust
contact between units Twts and Twss 1.4 km south of Washbumn Hill; diabase is
augite-bearing, plagioclase is altered, and amygdules are filled with fibrous green
smectite; probably correlates with part of Crescent Formation and unit Tpab

OZETTE TERRANE
Cape Alava Coastal Block

Tcass Sandstone (Oligocene)—Sandstone with minor siltstone and conglomerate; thick- to thin-bedded,
coarse- to fine-grained micaceous, lithofeldspathic sandstone with thin siltstone
interbeds; sandstone beds are graded, cross-stratified in places and locally are pebbly
and contain angular siltstone rip-ups; on Ozette Island, unit is penecontemporaneously
deformed where thick cobble and pebble conglomerates, composed chiefly of clasts of
sedimentary rock, have overloaded thin-bedded siltstone and sandstone units; on
Bodelteh Islands, pebbly sandstone and pebbly conglomerate are common and contain
boulder size siltstone rip-ups, and laminated concretions; pebbles consist of
subrounded to rounded black chert, mafic glassy volcanic rocks, meta-tuff, and quartz
with minor amounts of phyllite, granitic rock types, and red chert

Tcac Conglomerate (Oligocene)—Basaltic conglomerate (mudfiow) and basaltic sandstone with interbed-
ded thin-bedded indurated concretionary siltstone; mudfiow is composed of subangular
to subrounded clasts of metabasalt and locally contains olistostromal blocks (as large
as 10 m in diameter) of pillow basalt and breccia derived from the Crescent Forma-
tion; unit crops out on southeast end of Ozette Island and on two sea stacks south of
the island. Sparse foraminifers are assigned to the Zemorrian(?) by W.W. Rau (writ-
ten commun., 1982)

Ozette Lake-Calawah Ridge Block

Tocss Sandstone and siltstone (middle Eocene)—Medium- to very thick-bedded light- to olive-gray mica-
ceous, quartzose feldspathic and feldspatholithic sandstone; minor interbedded thin-
bedded fine-grained sandstone and siltstone; sandstone beds are turbidites and contain
groove and flame casts and local cross-bedding; in places calcareous and carbonaceous
with few thin lenticular coal seams; contains thin laminae to thick interbeds of -
medium- to dark-gray siltstone; siltstone-chip sedimentary conglomerate, pebble
conglomerate, and mudstone debris flows are present locally; interbeds of phyllitic or
basaltic sandstone occur in places; zones of laumontite and calcite veins are common;
on wave-cut platform at Cape Alava, unit is pervasively sheared and drag-folded with
scattered blocks of sandstone, conglomerate, and basalt which probably represent a
tectonic carpet along the sole of the thrust in which Ozette Island (Tcass) is on the
upper plate; tectonic block of thick-bedded sandstone occurs in melange along coast
north of Ozette River; foraminifers in this sequence are assigned to the lower part of
the Narizian by W.W. Rau (written commun., 1985)

Tocml Melange (Eocene)—Tectonically mixed blocks of sandstone and less common basalt in a matrix of
intensely sheared concretionary siltstone; sandstone blocks consist of medium- to
thick-bedded micaceous, carbonaceous turbidites (unit Tocss), basalt blocks composed
of pillow lava and breccia (Tb); blocks range from less than 1 m to more than 50 m,
are fractured and veined by laumontite and calcite, and have slickensided and polished
surfaces; basalt is exposed along coast south of Starbuck Mine and immediately north
of the Ozette River; in places melange is cut by vertical shears and is highly suscepti-
ble to landsliding; sparce foraminifers assigned to the Narizian by W.W. Rau (written
commun., 1981)
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! In the Cape Flattery quadrangle the Crescent thrust fault is overlapped by Lyre Formation; therefore, in this part of the map, units in-
cluded in the marginal basin lie east and north of the Lyre Formation.

2 In the Cape Flattery quadrangle the Crescent thrust fault is overlapped by the Lyre Formation; therefore, in this part of the map, units
included in this terrane lie west and south of the basal contact of the Lyre Formation.
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! The term "block” is used to denote discrete tectonically bounded sequences
within a specific tectonostratigraphic terrane. Because some of the lithologic
units within individual blocks correlate with units in adjacent blocks, as shown
on the Correlation of Map Units, the blocks are not subdivided into individual
terranes. Only terranes within the map area are shown in the correlation chart.
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